Using evolutionary population synthesis (EPS) we present integrated spectral energy distributions (ISEDs) and absorption-line indices defined by the Lick Observatory image dissector scanner (referred to as Lick/IDS) system, for an extensive set of instantaneous burst single stellar populations (SSPs). The ages of the SSPs are in the range 1 ≤ τ /Gyr ≤ 19 and the metallicities −2.3 ≤ [Fe/H] ≤ +0.2. Our models use the rapid single stellar evolution (SSE) algorithm of Hurley, Pols & Tout (2000) for the stellar evolutionary tracks, the empirical and semi-empirical calibrated BaSeL-2.0 model of Lejeune, Cuisinier & Buser (1997 for the library of stellar spectra and empirical fitting functions of Worthey et al. (1994) for the Lick/IDS spectral absorption feature indices.
INTRODUCTION
Age effects often mask metallicity effects in the studies of stellar populations (O'Connell 1976 (O'Connell , 1986 (O'Connell , 1994 Worthey 1992) , and separating them is a cumbersome affair (Renzini 1986; Buzzoni, Gariboldi & Mantegazza 1992; Buzzoni, Chincarini & Molinari 1993) . The age-metallicity degeneration originates from the fact that increasing either the metallicity or the age makes the integrated spectral energy distribution (ISED) of a single stellar population (SSP) redder .
Previous studies showed that it is difficult to break this degeneration only by broad-band colours (Arimoto 1996; Worthey 1994) . In order to solve this question, some studies used spectral information, instead of colours only, in the evolutionary population synthesis (EPS) models Bruzual & Charlot 1993; Bruzual 1996 Bruzual , 2003 Buzzoni 1989; Kodama & Arimoto 1997; Tantalo et al. 1996; Vazdekis 1999; Worthey 1994) . With the development of these models including spectral ⋆ E-mail: gssephd@public.km.yn.cn information, the spectral resolution has been improved from about 20Å to 2Å (Vazdekis 1999) .
Furthermore, these spectral information has been translated to the line strengths either by empirical fitting polynomials (Gorgas et al. 1993; Worthey et al. 1994; Worthey & Ottaviani 1997) or approaches other than the Lick fitting functions (Peletier 1989; Buzzoni 1995) . The inclusion of absorption feature indices in EPS models could add the power of diagnostics to the study of stellar populations (Worthey 1994) , therefore some studies have included spectral absorption feature indices into EPS models attempting to understand the stellar populations. Some earlier EPS studies contained spectral indices include no metallicity dependence (Bruzual 1983; Tinsley 1972a,b; Tinsley & Gunn 1976) or are otherwise limited in scope (Aaronson et al. 1978; Frogel, Persson & Cohen 1980; Mould 1978; Tripicco & Bell 1992) . Recently, the spectral absorption indices have been combined systematically in EPS studies, in those models some model builders use the absorption feature indices at intermediate resolution (9Å) of Lick system (Bruzual 1996 Vazdekis et al. 1996; Vazdekis 1999; Worthey 1994) , which has been accepted by many investigators and widely used in their studies; other model builders use the indices at considerably higher resolution (FWHM ∼ 2Å) in Rose system (Buzzoni et al. 1992 (Buzzoni et al. , 1993 Gorgas et al. 1993; Rose 1994; Vazdekis 1999 Vazdekis , 2001 .
SSPs are assemblies of chemically homogeneous and coeval single stars, the star formation history of any stellar system can be described by a superposition of SSP models with different ages and metallicities. Studying SSPs can help us to understand the evolution of clusters and galaxies, the distribution of metallicities, and to quantify the star formation history of the galaxies. In this paper we also investigate SSPs with a systematic and self-consistent set of stellar evolution models by Pols et al. (1998) , spectral library -the BaSeL-2.0 model (Lejeune 1997; Lejeune et al. 1997 Lejeune et al. , 1998 and the spectral absorption feature indices of Lick system (Gorgas et al. 1993; Worthey et al. 1994) .
The outline of the paper is as follows. In Section 2, we describe our SSPs models and algorithm. In Section 3, we give the results and discussion. In Section 4, we apply the observed spectral indices to the merit function to determine the age and the metallicity for SSP-like assembly. Finally we present the summary and conclusions in Section 5.
MODEL DESCRIPTION

Input physics
In this study we use the stellar evolutionary models of Pols et al. (1998) obtained with the Eggleton stellar evolutionary code (Eggleton 1971 (Eggleton , 1972 (Eggleton , 1973 Han, Podsiadlowski & Eggleton 1994; Pols et al. 1995) and the empirical and semi-empirical calibrated BaSeL-2.0 stellar spectral library of Lejeune, Cuisinier & Buser (1997 .
Instead of using a tabular form in the previous EPS studies (Schaller et al. 1992; Charbonnel et al. 1993; Mowlavi et al. 1998) we choose the evolutionary models of Pols et al. (1998) in the convenient form of the rapid single star evolution (SSE) package presented by Hurley, Pols & Tout (2000) . Except for a set of analytic evolution functions fitted to the Pols et al. (1998) model tracks, the SSE package extends the tracks by including a description of the remnant phases of stellar evolution, such as the white dwarf cooling track, and supplements the models of Pols et al. (1998) by including a prescription for mass loss, which has been neglected by the models of Pols et al. (1998) . The detailed descriptions about the stellar evolutionary models of Pols et al. (1998) , the SSE package of Hurley et al. (2000) and the BaSeL-2.0 stellar spectra library of Lejeune et al. (1997 Lejeune et al. ( , 1998 have been presented in Zhang et al. (2002, paper I) , so we do not discuss them here. We refer the interested reader to parts 2 and 3 of paper I for them. In this paper the factor η (Reimers' mass-loss coefficient, Reimers 1975 ) is taken to be 1/4 (Renzini 1981; Iben & Renzini 1983; Carraro et al. 1996) .
Except for the ISEDs, we will also calculate a series of Lick/IDS (image dissector scanner) spectral absorption feature indices. The Lick/IDS indices are the absorption strengths in 'feature' bandpass, and the 'feature' regions are listed in Table 1 of Worthey et al. (1994) . In Lick system 21 absorption features are included, six different molecular bands (CN4150, G band, MgH, MgH + Mgb, and two TiO bands) and 14 different blends of atomic absorption lines. The indices of molecular bands are expressed in magnitudes, the atomic features indices are expressed in angstroms of equivalent width (EW).
The Lick/IDS absorption-line indices are given by a series of empirical fitting functions of Worthey et al. (1994) as a function of T eff , logg, and metallicity [Fe/H] . The effective temperature spans a range 2100 ≤ T eff /K ≤ 11000 and the metallicity is in the range −1.0 ≤ [Fe/H] ≤ +0.5. The indices in the Lick system were extracted from the spectra of 460 stars obtained between 1972 and 1984 using the redsensitive IDS and Cassegrain spectrograph on the 3m Shane telescope at Lick Observatory. The spectra cover the range 4000 − 6400Å, with a resolution of ∼ 8Å (Worthey et al. 1994 ).
Model input
For the EPS of an instantaneous burst SSP the main input model parameters are: (i) the initial mass function (IMF), which gives the relative number of stars in different evolutionary stages; (ii) the lower and upper mass cut-offs M l and Mu; (iii) the relative age, τ , of the SSP; and (iv) the metallicity Z of the stars.
We use the IMF of Kroupa, Tout & Gilmore (1993, hereafter KTG) . The KTG IMF takes the form
where A is a normalization constant and M is the stellar mass in solar units. The relative number of stars in the mass
Taking the lower and upper mass limits, M l and Mu, of the stellar mass range as 0.1 M⊙ and 120 M⊙ respectively, gives the normalization constants A ≃ 16.4 for the KTG IMF.
Algorithm
Once the input physics database is given, we obtain evolutionary parameters such as luminosity L, effective temperature T eff , radius R and mass M for each star in a SSP using the SSE algorithm, transform these evolutionary parameters to stellar flux with the BaSeL-2.0 stellar spectral model, and obtain absorption feature indices of the Lick/IDS system using the fitting functions of Worthey et al. (1994) . By the following equations (3 -5) we can obtain the integrated monochromatic flux and absorption feature indices for an instantaneous SSP of a particular age and metallicity.
In the following equations, a parameter identified by a capital letter on the left-hand side represents the integrated SSP, while the corresponding parameter in minuscule on the right-hand side is for stars. The integrated monochromatic flux of a SSP is defined as
where f λ is the SED of stars with mass M and metallicity Z at a relative age of τ . The integrated absorption feature index of the Lick/IDS system is a flux-weighed one. For the i−th atomic absorption line, it is expressed in equivalent width (W , inÅ),
where wi is the equivalent width of the i−th index of stars with mass M and metallicity Z at a relative age of τ , and f i,Cλ is the continuum flux at the midpoint of the i−th 'feature' passband; and for the i−th molecular line, the feature index is expressed in magnitude,
where ci is the magnitude of the i−th index of stars with mass M and metallicity Z at age τ . For stars cooler than 3570K, the fitting functions of Worthey et al. (1994) use two completely different sets of coefficients for giants and dwarfs, so we must give a criteria to distinguish them. We adopt the description of Vazdekis et al. (1996) for giants and dwarfs, i.e., dwarfs, if logg ≥ 4.0, giants, if logg ≤ 3.5.
while for stars with gravity in the range 3.5 < logg < 4.0, V − K is used to discriminate two classes of stars, i.e.,
RESULTS AND DISCUSSION
In this part we present the ISEDs at intermediate resolution (10Å in the ultraviolet and 20Å in the visible) and the Lick/IDS absorption-feature indices for SSPs over a large range of age and metallicity: 1 ≤ τ ≤ 19 Gyr and −2.3 ≤ [Fe/H] ≤ +0.2. As a check on our models we compare our synthetic ISEDs with those of Worthey (1994, hereafter GW) and that of NGC 6838, and compare our synthetic Lick/IDS absorption-feature indices with the values of Worthey (1994) , Vazdekis et al. (1996, hereafter VCPB) and Kurth et al. (1999, hereafter KAF) , and those of Galactic and M31 globular clusters.
Integrated Spectral Energy Distribution
In Figs. 1 and 2 we give the variation of the intermediate resolution ISED with age and metallicity over a wide wavelength range, 3.3 ≤ log(λ/Å) ≤ 5.0. The flux is expressed in magnitude and is normalized to zero at 2.2 µm.
Figs. 1 and 2 show that the effects of age and metallicity on the ISEDs are similar, i.e., the ISEDs tend to be redder with increasing age or metallicity in the wavelength region of 3.3 ≤ log(λ/Å) ≤ 4.3. 
Comparison with the results of previous studies
To test our models we compare our synthetic ISEDs with those of GW for the young (τ = 2 Gyr) and the old (τ = 12 Gyr) SSPs with solar-metallicity in the top panels of Figs Figs. 3 and 4 show significant disagreement of the ISED in two wavelength regions, the larger one is in the farultraviolet region (log(λ/Å) < 3.3), the minor is in the visi- Worthey (dashed line) . In order to analyze the discrepancy of ISEDs we also give the ISEDs for our SSPs drawn from the Salpeter IMF with slope α = 2.35 (dot-dash line, in the far-ultraviolet region overlapping the ISED with the KTG IMF) and that for our SSPs drawn from the KTG IMF but without PEAGB (see the definition in the text) stars included (dotted line, in the far-ultraviolet region overlapping GW's ISED). The flux is also expressed in magnitude and is normalized to zero at 2.2 µm. In the bottom panel the fractional contributions of different evolutionary stage to the total flux is shown for corresponding SSPs. The abbreviations are explained in the text.
ble and infra-red regions (i.e., 3.5 < log(λ/Å) < 4.2). In the first wavelength region our ISED is completely different from that of GW, in the second region this work exhibits bluer continuum than that of GW. Comparing the discrepancy of ISED in the visual and infra-red regions for the young and the old SSPs it seems that this discrepancy in ISEDs increases with age.
(
) Model Comparison
In order to investigate what actually causes the discrepancy between our ISEDs and those of GW, we first discuss the differences between these two EPS models. This work differs from that of GW by the adoption of
• different stellar evolutionary models. We use the stel- lar evolutionary models of Pols et al. (1998) , whereas GW use the stellar evolutionary isochrones by collaborators (VandenBerg 1985, 1992; VandenBerg & Bell 1985; VandenBerg & Laskarides 1987) and the revised Yale isochrones (Green & Demarque 1987) . And in the GW model the post asymptotic giant branch (AGB) stars are not included.
• different stellar spectral libraries. We use the BaSeL-2.0 library, which is based on several original grids of model atmosphere spectra: Kurucz (1995, private communication) for O to late -K stars; Fulks et al. (1994) and Bessell et al. (1989 Bessell et al. ( , 1991 for M giants in the temperature range 3500 − 2500 K; and Allard & Hauschildt (1995) for M dwarfs, whereas GW used the theoretical spectra of Kurucz (1992) for stars hotter than 3750K and composite spectra for cooler stars by patching together model atmospheres (Bessell et al. 1989 (Bessell et al. , 1991 , and references therein) and optical observational spectra of M giants Gunn & Stryker (1983) .
• different IMF shapes. We use the KTG IMF (Kroupa et al. 1993) , whereas GW adopt the Salpeter IMF with a slope of α = 2.35 (Salpeter 1955) , i.e.,
where C is a normalization constant.
The difference between our ISEDs and those of GW can possibly be attributed to either the choice of stellar evolu- tionary models, the spectral library, the IMF and/or the inclusion of post AGB in EPS model. In the top panels of Figs. 3 and 4 we supplement the ISED drawn from the Salpeter IMF with slope α = 2.35 and the ISED from the KTG IMF but no thermally pulsing giant branch/proto planetary nebula/planetary nebula (TPAGB/PPN/PN, these phases are beyond "early asymptotic giant branch [EAGB]", are collectively termed "post EAGB [PEAGB]") stars included for solar metallicity SSPs at ages of 2 Gyr and 12 Gyr. In the bottom panels we give the fractional contributions of different evolutionary stage to the total flux for 2 Gyr and 12 Gyr SSPs of solar metallicity. In it various abbreviations are used to assign the evolution phases. They are as follows: "MS" stands for main-sequence stars, "HG" stands for Hertzsprung gap; "GB" stands for the first giant branch; "CHeB" stands for core helium burning; and the MS is divided into two phases to distinguish deeply or fully convective low-mass stars (M < 0.7 M⊙) and stars of higher mass with little or no convective envelope (M ≥ 0.7 M⊙).
( 2 ) Analysis of the Difference of ISEDs in the far-ultraviolet Region First, the adoption of different spectral libraries can not cause significant discrepancy of ISEDs in the region log(λ/Å) < 3.3. The reason is that the total light in this wavelength region is dominated by PEAGB stars (see the bottom panels of Figs. 3 and 4), in an exact word, by PN stars with temperature log(T eff /K) > 5.0. For these hotter PN stars the GW model and our model actually use the same spectral library.
Furthermore, the top panels of Figs. 3 and 4 show that (i) the ISED of GW in the far-ultraviolet region agree with our result with the KTG IMF but no PEAGB stars included ; (ii) two ISEDs overlap for our SSPs with the different IMF shapes, i.e., the KTG IMF and the Salpeter IMF with a slope of α = 2.35 in the region log(λ/Å) < 3.3.
Therefore the significant disagreement between our ISED in the region log(λ/Å) < 3.3 and that of GW is dominated by the inclusion of PN stars in PEAGB stage for SSPs, and the IMF shape is not the main factor.
( 3 ) Analysis of the Difference in the Visible and Infra-red Region
From the bottom panel of Fig. 3 we see that the total flux in the visible and infra-red regions is dominated by MS stars with mass M ≥ 0.7 M⊙, CHeB stars and cooler TPAGB/PPN stars in PEAGB stage (only at wavelength log(λ/Å) > 3.9) for young SSPs (τ = 2 Gyr). The contribution of MS stars to the light is greater than those of CHeB and the cooler TPAGB/PPN stars in the region of 3.5 < log(λ/Å) < 4.0, while the cooler TPAGB/PPN stars make the greatest contribution to the light in the region 4.0 < log(λ/Å) < 4.2.
From the bottom panel of Fig. 4 we see that the light in the visible and infra-red regions is dominated by MS stars with mass M ≥ 0.7 M⊙, CHeB stars and GB stars for old SSPs (τ = 12 Gyr). The contribution of MS stars and GB stars is greater than that of the other two evolutionary stages at shorter and longer wavelengths, respectively, and the contribution of MS stars to the light is equal to GB at wavelength log(λ/Å) ∼ 3.8.
The top panels of Figs. 3 and 4 show that (i) the inclusion of TPAGB/PPN stars in PEAGB stage in EPS models can produce a significant deviation of ISEDs in the visible and infra-red regions for the young SSPs (τ = 2 Gyr), but almost no effect for the old SSPs (τ = 12 Gyr). The reason is that the cooler TPAGB/PPN stars in PEAGB stage contribute a lot to the light for young SSPs at the red end of this region, but almost no light contribution for old SSPs (see the bottom panels of Figs. 3 and 4). The relatively greater contribution of the cooler TPAGB/PPN stars, for young SSPs, is mainly caused by the fact that the relative number of the TPAGB/PPN stars is greater than that for old SSPs. (ii) For τ = 2 Gyr SSPs, the ISEDs for SSPs without PEAGB stars included are as much as ∼ 1 mag greater than those for SSPs including PEAGB stars. This reason of the blueness of ISEDs is that the SSPs would look like younger and the ISEDs trend to be bluer if omitting those cooler TPAGB/PPN stars in PEAGB stage. (iii) Also for τ = 2 Gyr SSPs, the discrepancy in ISEDs arising from the inclusion of TPAGB/PPN stars is larger than that arising from the different models (the GW model and our model). Besides the inclusion of PEAGB stars, the adoption of different spectral library and evolutionary models can result in the deviation of ISEDs in the visible and infra-red regions. In Fig. 5 we plot theoretical isochrones for solar-metallicity SSPs at ages of 2 Gyr and 12 Gyr, as calculated by GW and this work. It reveals three significant deviations between the two isochrones: (i) MS stars with mass M ≥ 0.7 M⊙ (corresponding roughly to logT eff of 3.6) in our models are lightly cooler than that in the GW models; (ii) sub-giant stars in our models are significantly bluer. The cooler MS stars in our models cause redder visible and infra-red continuum, the hotter GB stars cause bluer continuum, and the reddening of ISEDs caused by cooler MS stars is compensated by the hotter GB stars.
In summary the discrepancy between our ISEDs in the visible and infra-red regions and those of GW is not caused mainly by the adoption of different IMF shapes, i.e., the KTG IMF and the Salpeter IMF with a slope of α = 2.35, but by the adoption of different stellar evolutionary models and spectral library in EPS model. The inclusion of the cooler TPABB/PPN stars in PEAGB stage can produce a significant deviation of ISEDs for young SSPs, but almost no effect for old SSPs in this region.
Comparison with the ISED of NGC 6838
We compare model ISEDs with that of NGC 6838. The spectral data of NGC 6838 is from Trager et al. (1998) and covers 4000-6400Å, its resolution is 1.25Å. The result reveals that NGC 6838 can be fitted by a SSP with solar metallicity and an age of ∼ 12.6 Gyr. In Fig. 6 we present the ISED of NGC 6838 and the model ISED for an SSP with solar metallicity and an age of ∼ 12.6 Gyr, the flux is expressed in magnitude and is normalized to zero at 5500Å.
From Fig. 6 we see that the agreement between model and observed spectrum is quite well in the range λ < 4300Å, but the agreement is not so good for shorter region.
Lick/IDS absorption feature indices
In Table 1 we present all resulting Lick/IDS spectral absorption feature indices for 7 metallicities from Z = 0.0001 to Z = 0.03. All indices except for H β increase with increasing age and metallicity, and the variation of these indices with age is larger at early age.
Comparison with the results of previous studies
In Fig. 7 we give the evolution of the Lick/IDS spectral absorption feature indices for solar-metallicity SSPs with the KTG IMF, supplemented with the indices for solarmetallicity SSPs obtained by GW (1994) , VCPB (1996) and KAF (1999) . Except for CN1, CN2, Ca4277, N aD, T iO1 and T iO2 indices, which show much stronger discrepancies between the studies, all indices agree with those of other studies.
( 1 ) Description of the VCPB and the KAF model
The VCPB model adopts the theoretical isochrones of Bertelli et al. (1994) , empirical spectra whenever possible, the fitting functions for CN1 and CN2 indices from Vazdekis et al. (1996) and the fitting functions for the other Lick indices from Worthey et al. (1994) , and two IMF shapes: unimodal and bimodal. The unimodal IMF takes the from
where µ for the solar neighborhood is equal to 1.35 and β is a constant. The bimodal IMF is described by
where p(M ) is a spline. For stars with mass lower than 0.6 M⊙ the tracks are from Pols et al. (1998) , as used by us.
KAF used the evolutionary tracks from the Padova group (Bressan et al. 1993; Fagotto et al. 1994a,b,c) , for lower masses (0.08 ≤ M < 0.5 M⊙) used the tracks of Chabrier & Baraffe (1997) , theoretical colour calibrations from Lejeune et al. (1997 Lejeune et al. ( , 1998 , fitting functions for stellar atmospheric indices from Worthey et al. (1994) , and a Salpeter-like IMF with a slope of 1.35 (Salpeter 1955) .
( 2 ) Analysis of the Disagreement of Indices amongst those Models
In order to investigate which factors cause the difference between our synthetic Lick/IDS absorption-line indices and those of GW, especially in the CN1, CN2, Ca4277, N aD, T iO1 and T iO2 indices, in Fig. 7 we also give the Lick/IDS absorption feature indices for SSPs with the Salpeter IMF with a slope of α = 2.35 and the indices for SSPs with the KTG IMF but no PEAGB stars included in EPS model. It shows that the choice of the IMF and the exclusion of PEAGB stars give rise to only small changes in F e5406, N aD, T iO1 and T iO2 indices, and the deviations introduced by the IMF shape and the exclusion of PEAGB stars are smaller than the discrepancies between the two models. So the disagreement in the Lick/IDS absorption-line indices between our work and the GW model is mainly caused by the adoption of spectral library and stellar evolutionary models. The effects of adopting different stellar evolutionary models on the Lick/IDS indices are as follows: (i) Cooler MS stars with mass M ≥ 0.7 M⊙ in our models (see Fig. 5 ) make the absorption-line indices at redder end (N aD, T iO1, T iO2) and the blue index Ca4277 higher because these indices decrease sharply with increasing temperature, but make CN1 and CN2 lower. (ii) Hotter GB stars in our models (see Fig.  5 ) make N aD, T iO1 and T iO2 and Ca4277 significantly lower, but CN1 and CN2 higher. (iii) The effect of cooler MS stars on the Lick/IDS indices is contrary to that of hotter GB stars, and the deviations are dominated by MS stars, the reason is the Lick/IDS indices cover the region 4000 ∼ 6000Å(i.e., 3.6 < ∼ log(λ/Å) < ∼ 3.8), in which the total light is dominated by MS stars with mass M ≥ 0.7 M⊙. KAF (1999) use the same spectral library (i.e., the BaSeL-2.0 library) and the same fitting functions for Lick/IDS absorption indices (i.e. the functions of Worthey et al., 1994) as those in our model. So the disagreement between our absorption-line indices and those of KAF is possibly introduced by the adoption of different evolutionary models and the IMF shape. In Fig. 7 we give the indices for SSPs with the Salpeter-like IMF with a slope of α = 1.35, as used by KAF. It shows that the deviation arising from the IMF shape is smaller than that arising from the different models. So the difference between this work and the KAF models is mainly caused by the choice of stellar evolutionary models. In Fig. 5 the theoretical Padova isochrones used by KAF are given for solar-metallicity SSPs at ages of 2 Gyr and 12 Gyr. It shows that the tracks of MS stars with M ≥ 0.7 M⊙ in our models agree with those in the KAF models. According the analysis in the above paragraph, i.e., the deviations are dominated by MS stars with mass M ≥ 0.7 M⊙, we can draw the following conclusion: the deviations in the Lick/IDS indices between our models and KAF models are smaller than those between our models and GW models, in fact, this conclusion coincide with the comparison of T iO1 and T iO2 in Fig. 7 . VCPB (1994) use different stellar evolutionary models, spectral library and two different IMF shapes from those in our models. In Fig. 7 we give the indices from the VCPB models for the unimodal and bimodal IMF with a slope of 2.35. It shows that the significant discrepancies between the unimodal and bimodal models exist in F e5709, N aD, T iO1 and T iO1 indices. Our results are much closer to those with the bimodal IMF than those with the unimodal IMF. The differences between the results in our models and those in the VCPB models are possibly caused by the adoption of different stellar evolutionary models, spectral library and the IMF shape. In fact, the VCPB and KAF models adopt the same isochrones, i.e., Padova isochrones (see Fig. 5 ), so the deviations of Lick/IDS indices introduced by the different evolutionary models between our and VCPB models, is same as those between our models and KAF models. 
Comparison with observed clusters
As another test, the model indices are checked against a wide variety of available observations. We compare our absorption-line indices with those of Galactic and M31 globular clusters and those of the circumnuclear region of M32 in many index-index diagrams (210 diagrams in total, not included in this paper). The line strengths of Galactic and M31 globular clusters are from Trager et al. (1998) and that of M32 from del Burgo et al. (2001, references therein ) . In the database of Trager et al. (1998) 36 globular clusters (18 M31 and 18 Galactic clusters) are included (see Table 2 ). M31 globular clusters are observed with the standard aperture (1.4 ′′ × 1.4 ′′ , hereinafter 'SA'). The Galactic globular clusters are observed with a long slit of standard width (1.4 ′′ × 16 ′′ ) that was raster-scanned on the sky to create a square aperture of size 66 ′′ × 66 ′′ , this resulted in two square apertures, one centered on the cluster (hereinafter 'C') and one for the "off" beam (hereinafter 'O') located 35
′′ to the east. For NGC 6624, the 'L' aperture is 45
′′ by 60 ′′ and the 'S' aperture is 13 ′′ by 13 ′′ , both are centered on the cluster. Raster scans have the same spectral resolution as standardslitwidth scans (1.4 ′′ ). In this paper M31 V204 has been omitted from the database of Trager et al. (1998) because of larger deviation from our models.
The results reveal that our models fit the data very well in many index-index diagrams, while in some indexindex diagrams the models do not match real globular clusters well, e.g. in the plots of T iO1 vs. other indices. The index T iO1 is systematically smaller than observations. In Fig. 8 we only give several representative plots in which the model predictions fit the data well, i.e., H β vs. four iron lines (F e5015, F e5270, F e5709 and F e5782). From Fig. 8 we see that there are no significant discrepancies in spectral indices between M32 and Galactic globular clusters, and the required metallicity is always lower than solar and the age is older than 10 Gyr for most of Galactic and M31 globular clusters. Meanwhile from Fig. 8 we see that the metallicity of the central region of M32 approaches to solar metallicity.
DETERMINATION OF AGE AND METALLICITY
Merit Function
Our synthetic spectral absorption indices agree better with the values obtained by other authors and fit the observational data very well in most of index-index diagrams, therefore we use these spectral absorption indices to constrain or determine the age and the metallicity for SSP-like assemblies. The method is based on minimizing a chi-squared merit function F (J) between all observed indices and model predictions. The merit function is a measure for the goodness of the fit for observational data. For each model J merit function is defined as:
Wi(
Wi (11) where n is the number of observed spectral indices, Oi is the observed value of the i−th index, Mi(J) is the synthetic value of corresponding index for model J, and Ei is its observational error, Wi represents its relative weight. In this work we assign the same weight (=1) to all the spectral indices.
Age and metallicity of M32
Using the above merit function F we will study the age and the metallicity of the central region of M32, which is an elliptical galaxy. The reason we discuss M32 is as follows. Firstly, M32 is the brightest elliptical galaxy of the Local Group, and has been studied extensively as a template for elliptical galaxies further away. Secondly, the elliptical galaxies can be viewed as SSP-like assemblies because they appear to contain relatively little dust extinction and gaseous interstellar medium (Vazdekis et al. 1996) , and in them most of the stars were formed during, or very early after the initial collapse of the galaxy (Bruzual 2003 ). So we can investigate it by the SSPs models.
In Fig. 9 we give its contour map of the merit function F as a function of metallicity Z and age τ . It shows that the data of absorption indices can be successfully fitted with an instantaneous SSP with an age of ∼ 6.5 Gyr and a solar-like metallicity, with F of 1.00 for the central region of M32.
The age obtained by us is greater than 4 Gyr obtained by del Burgo et al. (2001) from their integral field spectroscopy of the 9x12 arcsec 2 circumnuclear region of M32 using 30 spectral indices and colours and by Vazdekis & Arimoto (1999) from the blue spectrum using index Hγ, while younger than 7 Gyr obtained by Jones & Worthey (1995) based on their HγHR index and 8.5 Gyr from Grillmair et al. (1996) based on their HST analysis resolving M32 into individual stars.
The resulted metallicity is in full agreement with that of del Burgo et al. (2001) and Vazdekis & Arimoto (1999) , both of them predicted solar-like metallicity, but differ from that of Grillmair et al. (1996) , who predicted a metallicity of [Fe/H] = −0.25.
Applying the derived age and metallicity of the central region of M32 from merit function to the index-index diagrams (see Fig. 9 ), it seems that the plots of H β −F e5015 and H β − F e5782 are better diagrams to estimate directly the age and the metallicity from index-index plots. The plots of H β − F e5015 and H β − F e5782 give the metallicity of Z > ∼ 0.03 for the center region of M32.
SUMMARY AND CONCLUSION
In this paper we use the EPS technique to present the ISEDs at intermediate resolution (10Å in the ultraviolet and 20Å in the visible) and the Lick/IDS spectral absorption indices for an extensive set of instantaneous burst SSPs of various ages and metallicities (1 ≤ τ ≤ 19 Gyr,
In our EPS models we adopted the rapid SSE algorithm, the empirical and semi-empirical calibrated BaSeL-2.0 spectral library and the fitting functions for the absorption-line indices.
As checks on our models, we compare our ISEDs with those of Worthey and the high resolution spectrum of NGC 6838, also compare the Lick/IDS absorption feature indices with the values of other EPS models and those of Galactic and M31 globular clusters and the central region of M32. We conclude that: (a) The disagreement between our ISEDs with those of Worthey presents in two wavelength ranges, one in the far-ultraviolet region, the other in the visible and infra-red regions. The discrepancy of ISEDs in the farultraviolet region is mainly caused by the inclusion of hotter PN stars in our models, while the discrepancy of ISEDs in the visible and infra-red regions is caused by the choice of stellar evolutionary models and spectral library. The inclusion of cooler TPAGB/PPN stars can produce a significant deviation in ISEDs for young SSPs, but almost no effect for old SSPs in the visible and infra-red regions. (b) The integrated spectrum of NGC 6838 can be fitted by a SSP with solar metallicity and an age of ∼ 12.6 Gyr. (c) When comparing our synthetic Lick/IDS absorption-line indices with the values in the literatures and observational data, we find that our models are generally in agreement with other models and match real globular clusters in most index-index diagrams. T iO1 is, however, systematically smaller.
At last using the merit function F , we find the that spectral indices of the central region of M32 can be fitted with a single stellar population with an age of ∼ 6.5 Gyr and a solar-like metallicity with F = 1.00. Applying the age and the metallicity of M32 to some index-index diagrams, we see that H β − F e5015 and H β − F e5782 are better diagrams to estimate directly the age and metallicity from index-index plots.
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